Light Emitting Diodes 2004  by Mills, Alan
III-Vs REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOL 17 - NO 9 - DECEMBER/JANUARY 2004/200522
Light Emitting Diodes 2004
This year's conference, the 5th in the series,
was held in San Diego and was well support-
ed with the number of attendees being similar
to last year. The exhibits were also popular,
plus the exhibitors were pleased with the
attention being given by those in attendance.
Fewer LED lamp suppliers were present than
were there last year, which is perhaps a little
incongruous, since solid-state lighting in the
form of the high brightness LED will be the
'light source of the 21st century'. Solid state
lighting has the potential to individually con-
trol millions of lighting nodes for colour and
light level in any location!
The general atmosphere was again upbeat as it
continues to be supported by a healthy and still
growing multi-billion dollar LED market.The
leading market segments were again backlight-
ing, automotive, indoor and outdoor signs and
traffic signals, with the largest still being back-
lighting for hand held units (cell-phones, PDAs,
cameras and other hand held devices). However,
LED backlighting applications are also expanding
to the larger LCD display segment as white LEDs
offer more output power and better form fac-
tors, and as better package types become avail-
able in commercial quantities.Thus a growing
fraction of new television set and computer
screen markets are liquid crystal displays and the
latest may have LED backlighting, a market set to
grow to more than 300,000 screens by 2008.
Organic LEDs are a competing factor in these
markets, but little competition is expected before
2010 except for small, short lifetime display uses,
because there are still issues related to OLED life-
times, especially the materials for the blue emit-
ting layer. Conference attendees were provided
with a selection of workshops providing focused
tutorials for LED production related topics and a
selection of papers covering current markets and
their growth, LED business factors, application
technology and new application areas. If you
need an update on the LED growth industry
mark LED 2005 on next year's calendar.
Although the LED will oust other lighting
sources in the future, there are logistical and
other hurdles against it having an easy road to
success. Its technology is part of the semicon-
ductor industry, not part of the lighting industry
and for the latter industry it is a disruptive tech-
nology; therefore it will need new sets of rules
and standards for acceptance. In spite of its many
benefits, efficiencies and advantages, the LED will
need its own infrastructure, standards and con-
trols such as power sources and drivers, fixtures,
metrology tools, light source distribution, custom
lensing, new packages and the decisions to use
which primary colour red, green and blue (RGB )
LEDs or shorter wavelength LEDs for RGB-phos-
phor excitation. It could also get caught up in
the European mandate to eliminate lead contain-
ing solder (from LED mounting and packaging).
Such hurdles as these could have a slowing
effect on the adoption of some LED technolo-
gies.And, although LEDs operate at close to room
temperature (much lower than filament tempera-
tures), control of the semiconductor junction
temperatures is the key factor for the achieve-
ment of long operating lifetimes (e.g. upward of
50,000 hours). However, the ability to save many
gigawatts of future power generating capacity,
due to the much higher efficiency of LEDs over
incandescent lamps, will ensure the future suc-
cess of this technology.
As the light output levels of the LED have
increased, they have enabled improved lighting
performance and market growth. Most of the
technology focus is on white light generation for
the future penetration of the estimated $12bn
(and growing) world lighting market, not includ-
ing the under developed regions of the World
with more than two billion inhabitants where
electricity does not exist.The demand for colour
lighting is also well served because white light
from LEDs is either generated from the three pri-
mary spectral colour LEDs (RGB) or from shorter
wavelength excited phosphors.Thus, the per-
formance of each of the colour sources is also
essential.As an example of the commercial LED
outputs available today, a list of some of Cree
Lighting's white LED products is provided in
Table 1 with a wide diversity of outputs and
sizes. Cree also reported a record value for white
LED efficiency at 82 lumens per watt (lm/W)
with a colour temperature of 6000 K (the actual
conditions were 5.2 lumens out at a 20 milliamp 
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current and 3.14V forward voltage) this would
compare with 5 to 15 lm/W for incandescent
bulbs. Some other key data provided was a
record of 67 lumens (6000 K colour tempera-
ture) from a single XB 900 chip (57 lm/W effi-
ciency), which increased to 142 lumens per chip
with 34 lm/W efficiency when driven at 1 amp.
At these higher output efficiencies, the external
quantum efficiencies for these indium gallium
nitride LEDs (green, blue and white) are about
50% and are almost at the level of the more
mature red and orange AlInGaP LEDs.
Demonstrating similar product improvements,
Nichia America Corporation, the World's highest
volume manufacturer of nitride based blue, green
and white LEDs reported that their white LEDs
have improved their efficiencies from 25 lm/W
in 2002 to 50 lm/W in 2004.Additionally, their
standard phosphor based white LED chips (yttri-
um-aluminium-garnet plus a blue LED) are also
available with improved colour rendition by the
inclusion of a red phosphor.Their product road
map is seeking white LEDs with 100 lm/W and
1000 lumen per chip outputs by 2010 (similar to
a 60 W lamp). Such improvements are in part
based on improved LED process materials and
technology and on phosphor research internal to
Nichia.
In the automotive market, LED lighting is
becoming more widely acceptable as other geo-
graphic regions follow the European leadership
in this market.All of this activity leads to a larg-
er demand for LEDs from this market segment
with as many as 200 LEDs per car now being
used for some models.White LEDs have now
been used for the first front lighting applica-
tions in cars (turning and running lights), how-
ever except for Amish horse drawn vehicles,
LED headlamps will be a little later. Issues such
as LED packaging, mounting, increased output
power, thermal management and integral lens-
ing are still to be settled before white ultra-
bright LEDs will appear as headlamps on the
high end cars, then side illumination during
turns will be easy compared with today's head
lamps. Inside the car, the flexibility of LEDs to
supply brand recognition, increased passenger
comfort, advance safety and possibly support
mood lighting will increase the LED demand
per auto. It will also make car body design an
easier function, with little or no space being
required for the external lamps.
With all this action, the high brightness LED mar-
ket was reported to have grown by 65% last year
(2003) and is expected to attain $4.5 billion in
2004 (about 20% gain), however the overall LED
market (includes low output LEDs) grew at
about half this rate.The developed region cell-
phone markets are now more than 50% replace-
ment markets and usually demand the higher
performance phones, but the larger Indian and
Chinese market segments demand lower priced
phones.The total World cell-phone market is
expected to report sales of 670 million units for
2004, up from 570m in 2003.The LED market
outlook is so robust, that sales in just the high
end of the market, the ultra high bright LED seg-
ment (e.g. camera flash units) should exceed
$1.5bn by 2008. Unit demand for keypad LEDs is
also high, with the Samsung SGH-E310 using 18
LEDs, mostly blue. Samsung has a dedicated LED
BLU programme for their television sets and
other applications (e.g. a pocket projector), from
which it expects gain a market advantage over
other TV makers (improved back lighting LCDs
and projection TV units). As may be anticipated,
price erosion exists and will continue in this
market as the unit volumes increase, thus taking
some of the potential growth out of the dollar
value of the market. Much of this price pressure
will stem from competition from the large num-
ber of Taiwan based LED manufacturers.
New applications continue to arise as do regional
bodies for the furtherance of solid state lighting
such as EPIC, the European Photonics Industry
Consortium. EPIC is intended to promote the
growth and technology of this new industry and
to protect the EC from a loss of a technology
base or employment, should the technology
development occur in another geographic region
LED Type UT 230 RT 290 XD 290 XB 500 XB 900
Property
Chip Size (micron) 230 270 290 500 900
Flux (lumen) 9 6.5 24 to 27 90 200
(@125mA) (@ 350 mA)
Forward voltage 3.3 3.2 3.2 3.5 @ 125 3.4 @ 350
Table 1. Cree white LED lamp properties
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or should there be an industry segment collapse
such as in telecommunications in 2001. Examples
of new LED applications are high quality micro-
displays (which would use scanned LEDs as light
sources), large modular video wall displays, inte-
gral solid state lighting in smart building systems,
illuminated clothing for stage performances,
media or personal mood affectation and display,
plus the replacement of interior cabin lighting in
planes and other forms of transportation.
Although the initial cost of solid state lighting
may be higher, LEDs will win or are already win-
ning new applications for many reasons --- their
reduced maintenance and lower system lifetime
costs, resistance to vibration and shock, use over
a wide range of temperatures (fluorescent lamps
do not work well in cold climates), long life for
remote locations, colour sources (the most effi-
cient narrow wavelength sources available), safety
(low voltage), compact size, lower power use in
restricted locations, and transport --- cars, ships,
trains and aircraft. In the latter case, just the
weight savings caused by the removal of cabin
fluorescent lamp ballasts will amount to savings
of hundreds of thousands of dollars in fuel costs
during the operating life of a passenger plane, not
to mention lower air conditioning loads.The mili-
tary also have special requirements in this area
for submarines, warships, tanks, etc.The US Navy
already has an on going programme (based in
Pearl Harbor) for the general lighting of ships and
specifications already exist for some lamp
replacements.An example to illustrate some of
the potential benefits that the Navy sees, would
be red or amber weather exposed LED lamps, 10
to 30 watt rated, with better mechanical shock
resistance and an estimated lifetime of 50,000
hours, plus the potential for low voltage opera-
tion.These would replace the old standard 2000-
hour red or amber 200 watt filtered incandescent
fixture for a 90% power savings.
With all this good news about the high bright-
ness LED it must be obvious that the future of
the LED industry is a paradigm shift supporting
many years of product growth.Therefore, should
you be seeking a long term career opportunity,
join the LED and diode laser revolution, benefit
from 30 years of steady employment and enjoy a
'very bright future'. Following not far behind are
the power IC applications for Group-III nitrides,
but probably not in the same unit volumes.
Dr.Alan Mills reporting from San Diego.
